In this study, high quality monodispersed nanocrystalline cupric oxide (CuO) nanopowder was prepared through novel sol-gel green synthesis method, assisted by sodium alginate (Na-ALG) as the green ionic exchange material. The morphology and structural properties of CuO nanopowders synthesized with and without the incorporation of extrusion dripping, at different Na-ALG solution concentrations and calcination temperatures, were studied using thermalgravimetric analysis (TGA), field emission scanning electron microscopy (FE-SEM), energy dispersive X-ray spectroscopy (EDX) and Raman spectroscopy. Optimum synthesis conditions were identified, resulting in high-purity, monodispersed nanocrystalline CuO powder in the range of 9.92 -12.4 nm, which could have a promising future in various applications.
Introduction
In the last couple of decades, CuO nanopowder has attracted a great deal of research interest due to their unique properties, such as ease of preparation and availability, low cost, non-toxicity and unique optical, magnetic, physical and chemical properties. These properties make CuO a potential candidate in a wide range of applications such as antibacterial activity [1, 2] , catalysis activity [3] , as antioxidant [1] and in electrochemical materials [2] . Today, one of the ultimate challenges faced in materials science and engineering research is to synthesize pure nanocrystalline materials with desired properties, structure and composition for certain applications [4] . As compared to conventional solid-state reactions, contemporary soft chemical approach to nanopowder synthesis allow better control of its purity, composition and morphology, which subsequently govern the electrochemical, optical, and magnetic properties of the final product, due to chemical homogeneity in the reaction medium [5] [6] [7] . In this study, low cost sol-gel technique is proposed to prepare high purity, spherical CuO nanopowder, through the use of sodium alginate (Na-ALG), which is a natural polysaccharide extracted from brown seaweed that could function as a green polymeric ion-exchange material. On top of that, novel extrusion dripping technique of Na-ALG into copper salt solution was also proposed in order to achieve highly monodispersed spherical CuO nanopowders the final product [8] . Crystallization in CuO could be induced by thermally treating the sol-gel derived copper alginate at high temperatures. During the synthesis of nanocrystalline CuO powder, Na-ALG solution concentration and calcination temperature are important parameters that influence the morphology, thermodynamic stability, electronic properties, and physiochemical properties. For that reason, this study aims to investigate the effect of these parameters on the purity, size and shape of the resulting CuO nanopowder.
Methodology
Copper chloride aqueous solutions with concentration of 10% by weight were prepared by dissolving copper chloride dihydrate (CuCl2•2H2O) in deionized water. Two different concentrations of Na-ALG solutions (3 wt.% and 4 wt.%) were also prepared separately by dissolving Na-ALG powder (NaC6H7O6) in appropriate amount of deionized water. The resulting mixtures were mechanically stirred for 24 h at ambient conditions, then left to settle for a day to release the trapped air bubbles [9] . A control sample was prepared by mixing 3 wt.% of Na-ALG with 10 wt.% of CuCl2 without extrusion dripping. Copper alginate (Cu-ALG), the precursor of CuO, was formed and left overnight to ensure complete reaction. Whereas for samples prepared through extrusion dripping, Na-ALG solution was dripped into excess CuCl2 solution to form Cu-ALG beads using a 20 mm diameter syringe pump at a flow rate of 1.55 mL/min and a dripping height of 10 -15 cm. Throughout the ion exchange reaction process, a magnetic stirrer was used to ensure that homogeneous reactions occur at desired rates, as well as to reduce the strong centrifugal forces formed in the copper salt solution and avoid deformation of the spherical Na-ALG bead shape [9, 10] . The Cu-ALG beads formed in the CuCl2 solution were left overnight to improve homogeneity and allow for complete ion exchange reaction. The beads were then washed with deionized water for two hours using an orbital shaker. The washing step was repeated for three times to desorb NaCl from the beads. Wet Cu-ALG beads were dried in the oven at 60 °C for a day to remove most of the water content, prior to calcination at varying temperatures of 500, 600 and 700 °C for 4 h, with a ramping rate of 5 °C/min to obtain the final product.
Results and Discussion
Thermalgravimetric analysis (TGA). Green-blue Cu-ALG dried beads were characterized by TGA to identify the minimum calcination temperature for its complete thermal decomposition to CuO. Fig.  1 illustrates the TGA curve obtained for thermal decomposition of Cu-ALG obtained through extrusion dripping of 3 wt.% Na-ALG into CuCl2 solution. Five significant weight losses were observed from the decomposition pattern. The first weight loss of 13% from 25 to 165 °C was due to progressive evaporation of water and removal of water from deep pores. The next weight loss of 21% occurred between 165 and 215 °C, and it could be attributed to the oxidative cleavage of G-block and M-block that made up the long chain of alginate polymer. During this oxidative cleavage, the carbon-carbon bonds between the G-blocks and M-blocks were cleaved to form carbon-oxygen bonds. Third stage of weight loss was due to decomposition of the copper alginate beads, which was followed by decomposition of the alginate polymer where all the G-block and M-block residues were oxidized, resulting in a weight loss of approximately 13%. Lastly, oxidation of copper ions in air occurred from 370 °C. After about 405 °C, no significant weight loss was noticeable, which implied that Cu-ALG was completely decomposed to form CuO. Composite Materials and Material Engineering III Field emission scanning electron microscopy (FESEM). The effect of extrusion dripping on the morphology and physical properties of CuO nanopowder was evaluated. Fig. 2 (a) and Fig. 2(b) show the difference in morphology between the CuO synthesized from non-extrusion dripping and extrusion dripping of 3 wt.% Na-ALG for ion exchange reaction. CuO derived from sol-gel synthesis method without extrusion dripping ( Fig. 2 (a) ) had non-uniform size distribution and some agglomerations with sizes up to 25.3 nm, due to chemical inhomogeneity during sol-gel formation of Cu-ALG precursor. FESEM image of the CuO sample prepared from sol-gel synthesis method incorporating extrusion dripping ( Fig. 2 (b) ) shows that there was little to no agglomeration. This proved that better size distribution was achieved for CuO prepared with extrusion dripping as compared to the non-extrusion dripping method sample. Furthermore, the surface morphology of CuO nanopowder prepared from 3 wt.% and 4 wt.% of Na-ALG was also compared to evaluate the effect of Na-ALG concentration, as could be seen in Fig.  2(b) and Fig. 2(c) , respectively. From Fig. 2(c) , CuO nanopowder prepared with 4 wt.% Na-ALG had irregular particle shape and agglomerations were formed. This could be due to 4 wt.% Na-ALG solution consisted of longer polymer chains in the alginate structure, which led to high viscosity of the solution and hence, sacrificing the chemical homogeneity in the ion exchange medium. On the other hand, CuO nanopowder prepared from 3 wt.% Na-ALG had a more uniformly distributed particle size and shape.
Besides that, the effect of calcination temperature on the surface morphology of CuO nanopowder was also evaluated. It was observed that when the calcination temperature was increased from 500 to 700 °C, it showed that the sample calcined at 600 °C ( Fig. 2(b) ) demonstrated better morphology in comparison to the samples calcined at 500 ( Fig. 2(d) ) and 700 °C ( Fig. 2(e) ). CuO synthesized at 500 °C had non-uniform distribution of particle shape and size, with signs of particle agglomerations. This might be due to insufficient heat for crystallization of CuO. However, when calcination temperature is further increased to 700 °C, grain boundary of nanoparticles become larger due to the decrease in surface energy [11] . Moreover, extremely small nanoparticles are agglomerated into bigger sized particles due to pressure and heat. This phenomenon is known as sintering effect and it could be observed in the CuO sample prepared at calcination temperature of 700 °C, where grain growth was accelerated, resulting in severe agglomeration and irregularities in particle shape. Therefore, it was deduced that 600 °C was the optimum calcination temperature to obtain monodispersed CuO nanopowder, with particle size ranging between 9.92 -12.4 nm as observed from its FESEM image in Fig. 2(b) . Energy dispersive X-ray spectroscopy (EDX). The chemical compositions of the synthesized powder were determined through EDX point analysis and the results were as tabulated in Table 1 . The chemical compositions shown in Table 1 have disregarded platinum and carbon element that could be attributed by the platinum coating and carbon tape used during sample preparation for EDX analysis. The results clearly show that all samples contain both copper (Cu) and oxygen (O). The sample that had the closest value to the theoretical weight ratio of Cu to O (of 4) was the CuO sample which was synthesized through sol-gel extrusion dripping method with 3 wt.% Na-ALG, and calcined at 600 °C for 4 h, yielding a weight ratio of 3.57. CuO nanopowder prepared without extrusion dripping had the lowest weight ratio of Cu to O due to chemical inhomogeneity during ion exchange reaction. When the calcination temperature was increased from 500 to 700 °C, the weight ratio of Cu to O increased accordingly. When the calcination temperature was raised to 700 °C, the resulting nanopowder had a Cu:O weight ratio of 9.03, which could be due to some formation of coprous oxide (Cu2O), with a Cu:O weight ratio of 8. Raman spectroscopy. Raman spectroscopy was used to identify presence of impurities, and to evaluate the crystallization phase based on intensity of the peaks. Pure CuO should have a total of three Raman peaks at 288 cm -1 , 330 cm -1 and 621 cm -1 , in which, the second peak should be the lowest while the last peak should be the broadest among them [12] . Based on the Raman spectra as shown in Fig. 3 through Fig. 5 for samples prepared at different synthesis parameters, all three peaks for CuO were identified at approximately Raman shifts of 285 cm -1 , 337 cm -1 and 619 cm -1 .
As seen from Fig. 3 , it clearly shows that the CuO nanopowder prepared with extrusion dripping method had sharper peaks than that of the non-extrusion dripping sample. This implies that the former CuO sample had a more crystallized nanostructure due to the ease of calcination of Cu-ALG precursor prepared with extrusion dripping, thus resulting in uniformly distributed nanoparticles. In addition, according to Fig. 4 , lower concentration of Na-ALG (3 wt.%) would also result in CuO of higher crystallinity, which could be due to better chemical homogeneity in the ion exchange medium as compared to that fed with 4 wt.% Na-ALG beads. Highly crystalline CuO could also be obtained at elevated calcination temperatures, as depicted from the Raman peaks in Fig. 5 . This was expected as grain size increased with increasing calcination temperature and due to sintering effect, agglomerate formation led to a decrease in surface to volume ratio.
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Summary
Pure, monodispersed nanocrystalline cupric oxide (CuO) nanopowder was synthesized through a novel sol-gel green synthesis method in this study. Na-ALG, which is a natural polysaccharide extracted from brown seaweed was successfully implemented as the ion exchange material for preparation of Cu-ALG, the precursor to CuO, in present work. Thermal decomposition study on
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Cu-ALG revealed that the precursor could completely decompose to CuO only at calcination temperatures higher than 405 °C. Therefore, calcination temperatures of 500, 600 and 700 °C were being evaluated for its effect on the particle morphology. This study concluded that the introduction of extrusion dripping method into the sol-gel technique resulted in uniformly distributed CuO particle size and shape due to the chemical homogeneity in the ion exchange medium. Chemical homogeneity in the sol-gel during ion exchange reaction was also affected by the concentration of Na-ALG used. Both FESEM and Raman results proved that the CuO nanopowders synthesized with a 4 wt.% Na-ALG were not uniformly distributed and had lower crystallinity due to chemical inhomogeneity in the ion exchange medium in the presence of high viscosity Na-ALG beads, as compared to the 3 wt.% Na-ALG. On top of that, Raman peaks of CuO synthesized at various calcination temperatures revealed that crystallinity increased accordingly with calcination temperatures, which was a result of sintering effect -a phenomenon that could also be observed in the FESEM images. EDX analysis on the chemical composition of CuO synthesized at calcination temperature of 600 °C showed that the Cu:O elemental weight ratio was 3.57, which was very close to the theoretical value of 4. With these findings, it could be concluded that high-purity, monodispersed nanocrystalline CuO powder with size range of 9.92 -12.4 nm was obtained through calcination of Cu-ALG precursor that was prepared from green sol-gel synthesis method with extrusion dripping of 3 wt.% Na-ALG, at 600 °C for 4 h. This novel method is green, simple and can be scaled up for industrial production of nanocrystalline CuO with unique properties that could have a promising future in a wide range of applications.
